Introduction. We aimed to investigate the change in prevalence of overweight and obesity in pregnant Danish women from 2004 to 2012, and investigate whether increasing parity was associated with a change in body mass index (BMI) prevalence. Material and methods. We obtained a population-based cohort from the Danish Medical Birth Registry consisting of all Danish women giving birth in 2004-2012 (n = 572 321). This registry contains information on 99.8% of all births in Denmark. We calculated the overall change in prepregnancy BMI status among pregnant women in Denmark, and a multiple linear regression model with adjustment for several potential confounders was used to examine the change in prepregnancy BMI with increasing parity.
Introduction
Obesity has reached epidemic proportions worldwide and the increasing incidence of overweight and obesity among women of childbearing age is of particular concern (1, 2) . A recent study on the European prevalence of overweight and obesity showed that more than half of the European population and 36.8% of women of childbearing age are overweight or obese (3) . A new study from the USA has shown that approximately 50% of women who delivered a live-born infant in 2014 were either overweight (25.6%) or obese (24.8%) before pregnancy (4) . It has been consistently shown that prepregnancy overweight and obesity has serious maternal and fetal health implications. This (5, 6) . Overweight and obese women are also more likely to retain weight postpartum, and their children are at higher risk of obesity in later life (6) (7) (8) . Furthermore, studies have shown that weight gain in the interpregnancy interval also increases the risk for adverse pregnancy outcomes even for women who do not become overweight (9, 10) . Pregnancy itself might contribute to the development of overweight and obesity, and weight retention increases especially with excessive gestational weight gain postpartum (8) . Studies have shown that parity may increase the risk of type 2 diabetes development in the mother (11) . Whether parity is associated with weight gain has been investigated with inconsistent results; a positive correlation has been seen in some studies (12) (13) (14) (15) but a diminished correlation after adjustment for confounders has been observed in others (16) (17) (18) . If parity is shown to be a risk factor for long-term weight gain, this will support the hypothesis that pregnancy may serve as a time for potential intervention against overweight and obesity.
With this study we aim to give information on how the prevalence of body weight has changed in a highresource country, using Denmark as an example because of the good, nationwide registers available in this country. We conducted a population-based cohort study to estimate the development of overweight and obesity in pregnant women during recent years and also to investigate the association between parity and overweight and obesity.
Material and methods
The cohort consisted of all pregnancies in Denmark from 2004 to 2012 (n = 572 321). Women were selected from the Danish Medical Birth Registry, which contains information on 99.8% of all births in Denmark since 1973, and the data quality is considered reliable and valid (19) .
Data in the Danish Medical Birth Registry are registered by the midwife immediately after the delivery of the child. Prepregnancy BMI and parity are the main exposure variables in this study. BMI was calculated from selfreported prepregnancy height and weight obtained at the first antenatal visit by dividing weight (in kilograms) by squared height (in meters). Underweight was defined as BMI < 18.5, normal weight as BMI 18.5-24.9, overweight as BMI 25-29.9, obesity as BMI 30-34.9 and severe obesity as BMI ≥ 35. Parity was categorized as 1, 2, 3, 4 or 5+, with parity 1 representing a woman with one completed birth and parity 5+ representing a woman with five or more completed births including the index birth. Information on parity was based on the parity registered at the first birth during the study period for every woman, adding one for every additional birth, meaning that births before 2004 were included in the calculation of parity. The high number of births included in the "parity 2" group compared with the "parity 1" group is therefore due to the fact that some women in the "parity 2" group had given birth to their first child before 2004. BMI values for such births before 2004 are not included in the dataset.
Several covariates were considered potential confounders for the association between parity and prepregnancy BMI. These included year of birth (continuous), maternal smoking status (smoker/previous smoker or non-smoker), ethnicity (Danish or non-Danish origin), and birth complications (yes or no). Birth complications were defined as one or more of the following variables including information on preeclampsia (yes or no), Apgar-score <7 at five minutes after birth (yes or no), maternal hemorrhage during birth (defined as more than 500 mL blood hemorrhaged postpartum; yes or no). The diagnostic codes from the International Classification of Diseases 10 (ICD-10) system were used to identify the birth complications in the registry. Maternal age at the time of birth is also a potential confounder, therefore maternal age was included as a continuous variable in the regression analysis of the association between parity and BMI.
Our first objective was to examine the prepregnancy BMI development for pregnant women in a cohort consisting of all 572 321 registered births, named "Cohort 1". Our second objective was to investigate the potential change in BMI with every additional birth, so women giving birth to only one child in the period were excluded. The remaining 350 499 births formed "Cohort 2". Both live births and stillbirths were included in the cohort.
We excluded births where BMI or parity values were missing. When a multiple birth occurred, we included only the birth of the first twin because only one child represents every prepregnancy BMI. Incorrect data registrations such as a BMI < 10 or a BMI > 60, parity less than one or more than 13 and an interpregnancy interval below 22 weeks, were excluded from both cohorts. In addition, we excluded births where prepregnancy BMI changed more than 15 units. The latter limit was arbitrarily chosen. Data on BMI were missing in 1835 births due to missing information on maternal height. Height measures from previous births were used to calculate BMI values for these births. When some of the above-mentioned data were missing, the relevant birth was excluded. If only one birth remained in cohort 2 after this, it was excluded as well, due to the necessity of comparing two subsequent births. In total we excluded 47 571 women in cohort 1 and 54 042 women in cohort 2. A flowchart presenting the two cohorts and the overall exclusion process is seen in Figure 1 .
In total, 524 750 births (91.7% of the population) in cohort 1 and 296 457 births (51.8% of the population) in cohort 2 remained for analysis. This corresponds to 365 704 and 139 217 women giving birth in this period of time in cohort 1 and cohort 2, respectively.
Statistical analyses
The frequencies of prepregnancy BMI within the maternal BMI categories for every calendar year were calculated based on cohort 1, and the frequencies of prepregnancy BMI in the different parity groups were calculated based on cohort 2. The development in BMI across calendar time was assessed using M-H-test for trend.
Based on cohort 2, a multivariate linear regression model was fitted to examine the magnitude and significance of the independent effect of parity on prepregnancy BMI after controlling for potential confounders (maternal age, year of birth, maternal ethnicity, smoking status and birth complications). A correction for within-cluster correlation was applied in all regressions because all women in cohort 2 contributed with more than one birth. Only the results from the fully adjusted model are presented here, but results from regression analyses for each confounder alone are available on request. We also evaluated the association between parity and BMI by computing the mean difference between the different parity groups with 95% CI. The statistical analyses were based on means within groups, but the average means were based on differences calculated for each individual separately.
To make sure that the association between parity and BMI was not due to a variation in time between births, we investigated the association between BMI change and the number of years between two subsequent births (1-9 years); this analysis was performed for all subsequent births and hence parities. Results are presented as mean values with 95% confidence intervals (CI). All statistical analyses were carried out using STATA/IC version 13.1 for Windows â .
Ethical approval
The study was approved by the Danish Data Protection Agency (J.no.1-16-02-482-13). According to Danish law, permission from an ethics committee was not required to conduct this study.
Results
In both cohorts, women with valid BMI information tended to be slightly younger, have lower parity and their children higher birthweight (p = 0.002). The only exception was in cohort 2, where maternal age was comparable (p = 0.31).
In 2004, the prevalence of prepregnancy overweight and obesity was 31.9%, and the prevalence of obesity alone was 11%. These frequencies increased over time, and in 2012 the prevalence for the group of overweight and obese women was 34.2% (p < 0.0001) and for obese women 12.8% (p < 0.0001). This corresponds to a 7.2% increase in overweight and obesity (BMI ≥ 25) and a 16.4% increase in obesity alone (BMI ≥ 30). Table 1 shows the specific details on the prepregnancy BMI frequency distribution on BMI categories over the years for all births in Denmark. The above-mentioned results are based on cohort 1.
The following results on the association between BMI and parity are based on cohort 2. The distribution of maternal demographics and maternal behavioral characteristics are presented in Table 2 .
The mean BMI increased linearly with each parity group from 23.80 (95% CI 23.77-23.82) in parity group 1 to 26.70 (26.52-26.90) in parity group 5+. This is illustrated in Figure 2 .
Using the multiple linear regression model with adjustment for several confounders, it was estimated that for each additional birth, a women gained on average 0.62 (0.58-0.65) BMI units (one BMI unit corresponds to approximately 2.8 kg in women with a height of 168 cm). When adjusting for maternal age, BMI decreased by 0.06 for every one-year increase in maternal age. The results from the multiple linear regression models were comparable to the increasing mean difference in prepregnancy BMI for every additional birth (Table 3) .
The mean change in BMI between two subsequent births (parity 1 to parity 2, parity 2 to parity 3, etc.) was comparable irrespective of the time interval between the births (results available from the authors on request).
Discussion
The present nationally representative study shows that the prevalence of both overweight and obesity increased by approximately 7.2% and of obesity alone by 16.4% for pregnant women in Denmark from 2004 to 2012 (Table 1 ). In addition, the mean BMI increased for each additional parity group and women on average gained 0.62 (0.58-0.65) BMI units for every delivery. This result is adjusted for several potential confounders to ensure that year of birth, smoking status, ethnicity or birth complications did not change the result.
A steady increase in BMI was seen from 2004 to 2011 due to both overweight and obesity. In 2012 the prevalence was minimally decreased in both BMI categories. Whether this will continue in the years to come or is only a one-year dip in the prevalence of overweight and obesity remains to be investigated in later studies. In the parity subgroup consisting of women with five or more births, special caution must be taken when interpreting the parity analyses because of the limited number of births available for investigation, and hence the extent of random error. However, with a population-based sample these results are thought to be representative for almost all Danish women with this high parity.
With respect to selection it appears that those with valid information on BMI differ somewhat from those without valid information. However, when assessing the association between an exposure and an outcome, such small differences are generally of little importance (20) . We used BMI as a measure of the development of overweight and obesity in our cohort due to lack of measurements of body composition and waist/hip ratios. BMI was calculated from self-reported prepregnancy height and weight obtained at the first antenatal visit. Generalized calculations regarding obesity based on such data may be biased due to a general tendency to underestimate weight and overestimate height (21, 22) . If this is the case in our population, a risk of a type 2 error may be present and the prevalence of overweight and obesity may have been underestimated. We did not include women with only one delivery in the analysis of parity and BMI due to the necessity of comparing two subsequent births for an estimation of the development in BMI. Women with only one delivery may differ from women with two or more deliveries, potentially introducing a problem with selection bias. For example, women with only one delivery may have a lower fertility, which is often seen in combination with metabolic diseases such as polycystic ovary syndrome (PCOS) and thus an increased risk of obesity. This may have affected our results.
Other studies have shown that excess weight gain during pregnancy causes postpartum weight retention and a long-term increase in BMI (23, 24) . Information on this measure was not available for our population but may act as a confounder in the association between parity and BMI. However, the weight gain in pregnancy is assumed to be equal for all parity groups and probably did not affect our results significantly. The population in Denmark consists of >90% whites and all citizens have free access to health services on equal terms, which creates a relatively homogeneous population, reducing but not eliminating the risk of confounding compared with other countries. Potential confounders such as behavioral factors, marital status and sociodemographic status may be important; however, we did not have information on such confounders. Differences in these factors may be seen between multiparous women and women with only one or two children, and could potentially affect the association between BMI and parity. Adjusting for smoking status, ethnicity, birth complications and age did not change our results. However, maternal age seemed to be an effect modifier in this dataset.
It can be difficult to compare the development in obesity and BMI between countries. In the USA, UK and worldwide, the prevalence of overweight and obesity has continued to increase in recent years, which corresponds to the observed development in this study of Danish pregnant women (2, 25, 26) . However, a Swedish study suggested a possible decline in the prevalence of obesity (27) , which may explain our observed decrease in the overweight and obesity prevalence in 2012. Nonetheless, our data show a prevalence of overweight of around 34% in 2012 which is in accordance with the recent observation in the European population (3). The observed positive relation between BMI and parity is in agreement with results from other studies previously conducted in other countries (12) (13) (14) (15) . However, the specific weight gain from a previous parity varies between studies, and some have found a diminished correlation after adjusting for confounders (16) (17) (18) . Generally, a pregnancy is seen to be a recognized life event in the development of obesity (28, 29) , which corresponds well to the positive correlation between BMI and parity. A recent study from the USA showed that overweight and obesity before pregnancy increased with the number of previous births, ranging from 23.7% (overweight) and 20.7% (obesity) among those having their first birth to 28.6 and 32.8%, respectively, among those having their fourth birth or more (4). In our study, we observed an increase in BMI between two subsequent births. This finding is important because previous studies have shown that weight gain during the interpregnancy interval is strongly associated with the risk of major maternal and perinatal complications for both overweight and normal weight women (9, 10) . This is further support for a focus on weight gain by parity, and the importance of preventing weight gain before pregnancy and in the postpartum period.
We observed an increased prevalence of overweight and obesity among Danish pregnant women in this study. In addition, the mean BMI increased for every additional delivery, indicating that women increase their risk of being overweight or obese in the subsequent pregnancy and thereby enhance the risk of adverse outcome for both mother and child. We have investigated how body weight has changed in a high-resource country in recent years. Denmark is used as an example of this because of the data set-up, which makes it possible to include a population-based cohort.
Major health problems associated with obesity in general and obesity in pregnancy are most likely increasing with the prevalence of overweight and obesity. Knowing that treatment is often unsuccessful once obesity has developed, greater preventive efforts are needed to slow down or even turn around this development. A special focus on multiparous women may be necessary due to the observed weight gain by parity, particularly because this relatively small increase in weight is unlikely to influence the number of children a woman chooses to have. Further research is needed to find more effective ways to limit the accelerating rate of overweight and obesity.
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